Despite many concerns, profi ling has been used successfully to identify or predict possible antisocial behaviors. Profi ling relies on highlighting unique traits against a background of confounding signals. Similarly, transcriptional profi ling is a powerful technique to determine marker genes that characterize and distinguish a particular cell type. In a recent issue of Arthritis Research & Th erapy, Minogue and colleagues [1] used transcriptional profi ling to examine the phenotypic characteristics of bovine intervertebral disc cells and provided some novel insights into the current debate concerning the origin of cells of the adult nucleus pulposus. One aspect of this ongoing controversy is whether the onset of degenerative disc disease is due to the loss of the original notochordal cells or to the replacement of them by unrelated cell types or to both [2] . Th is dispute aff ects investigational strategies in which the choice of animal model for a study is governed by the consideration of whether notochordal cells are present in the disc or have been replaced by cells that are non-notochordal in origin [3] . Th e focus of this editorial is to address these long-standing arguments in the light of the profi ling studies and work of other investigators. Minogue and colleagues [1] report the identifi cation of a number of marker genes that distinguish nucleus pulposus cells from those of the annulus fi brosus cells and cartilage (chondrocytes). Th e authors document diff erential expression of 49 disc-specifi c and 34 nucleus pulposus-specifi c genes. Th e presence of a number of these genes provides a new understanding of the origin of the nucleus pulposus in relationship to the notochord.
Notochordal cells have been reported to be present in the nucleus pulposus in young animals, including humans [2, 4] . It has also been proposed that most of these cells gradually disappear during aging [2, 4] and are replaced by endplate chondrocytes or inner annulus fi brosus cells [5] . In humans, notochordal cells are rarely observed after the age of puberty [4] , although a few studies allude to their existence well into maturity [6, 7] . Th ese observations raise the question, is there cellular heterogeneity in the nucleus pulposus? To address this question, Choi and colleagues [8] generated fate maps of notochordal cells using tamoxifen-inducible ShhCreERT2 mice. Th ese studies showed unequivocally that the entire cell population of the nucleus pulposus, even in the adult, was descended from the notochord. Another invaluable marker of the ontology of the cells of the nucleus pulposus is the T-box gene brachyury, which is required for diff erentiation and survival of the notochord [9] . Similarly to profi ling studies of rodents and canines, the study by Minogue and colleagues [1] indicated that cells present in the nucleus pulposus of adult bovine as well as human discs express brachyury and cytokeratins 8, 18, and 19, genes that are present in the notochord [10, 11] . If it is assumed that the notochordal cells are lost from the disc early in life in these species, then these results are unexpected. A more acceptable explanation is that the nucleus pulposus is populated by notochordal cells. Minogue and colleagues [1] showed, in direct relevance to this fi nding, that the large notochordal and small chondrocyte-like nucleus pulposus cells in bovine disc have substantially over lapping gene expression profi les,
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This editorial addresses the debate concerning the origin of adult nucleus pulposus cells in the light of profi ling studies by Minogue and colleagues. In their report of several marker genes that distinguish nucleus pulposus cells from other related cell types, the authors provide novel insights into the notochordal nature of the former. Together with recently published work, their work lends support to the view that all cells present within the nucleus pulposus are derived from the notochord. Hence, the choice of an animal model for disc research should be based on considerations other than the cell loss and replacement by nonnotochordal cells.
including that of brachyury. Th ese fi ndings are in accord with a recent observation that the rabbit notochordal cells can diff er entiate into cells of diff erent morphologies not unlike those that are seen in the disc [12] . Interestingly, it was reported that with degeneration of the human nucleus pulposus, mRNA expression of brachyury remained unchanged whereas cytokeratins 8 and 18 are decreased [1] . Th is fi nding speaks to the value of brachyury as a nucleus pulposus marker and suggests that the disc retains notochordal cells throughout adult life, even during degeneration, and that the two cell types may have a common lineage.
It should also be pointed out that the results of Minogue and colleagues [1] diff er from those of Gilson and colleagues [13] , who have reported that the expression of cytokeratin 8 was restricted to a small cohort of cells (described as notochordal) in the adult bovine nucleus pulposus. Surprisingly, these cells were similar in size to the chondrocyte-like cells of the nucleus pulposus and unlike the large notochordal cells isolated by Minogue and colleagues [1] . To explain these confl icting results, it would be critical to extend their studies in two directions. First, it would be critical to confi rm the expression of identifi ed marker genes in the morphologically distinct cell types by means of immuno histochemistry, fl ow cytometry, and Western blot analysis. Second, the microarray profi ling studies need to include cells from normal and degenerate human discs. While all investigators are cognizant of the diffi culties of obtaining a human control tissue that is valid, it is critical that minimally compromised discs not be accepted as a control.
Th e implication of the study by Minogue and colleagues aff ects disc research endeavors, especially those that require the use of animal models. Th ere is no strong experi mental evidence to support the view that, in mature animals, the nucleus pulposus recruits cells from the endplate or annulus fi brosus and by inference that all of these cell types are derived from diff erent lineages. Models of small and large animals share a commonality in terms of notochordal gene profi les and therefore nucleus pulposus cell composition and lineage. On the basis of these fi ndings, the most critical choice of an animal model for investigation should be based on anatomical and mechanical con sidera tions of the spinal unit rather than on concerns of cell loss and replacement by non-notochordal cells.
